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Abstract. The industrial revolution has significantly increase the discharge of wastewater into
water bodies with heavy metals. In this study, watermelon rind was used as a biosorbent.
Wastewater from mosaic industry was characterized by using flame AAS and zinc was found to
have concentration range of 350mg/L to 450mgll. Watermelon rind was characterized by using
XRF and SEM. The results from XRF before biosorption shows the presence of Si to enhance
biosorption. Zinc present after biosorption. The optimum pH, biosorbent amount, zinc concenfration
and contact time were found to be pH8, 1.5g, 400m9[L, and 30minutes respectively. The
watermelon rind was proven as an effective biosorbent for zinc removal from aqueous solution
Introduction
Wastewater threatens public health and the environment if untreated in proper ways. It contains
inorganics and organics compound. The inorganics are referred as non degradable minerals and
metals. Inorganic like heavy metals may end up into toxic compound for living organisms and
environment. Continuous exposure of the heavy metals may increase the risk of lung damage, brain
and nerve damage, cancer attack, coma, and death if serious []. Therefore, the wastewater must be
treated before discharge into the receiving environment.
Currently, treatment methods for removing heavy metals are ion exchange, chemical precipitation,
membrane filtration, coagulation and flocculation, and adsorption. However, these treatment
methods are relatively expensive, generating large amounts of chemical sludge, and involvinglarye
energy [2]. An option of heavy metal removal using biosorption. Biosorption is defined as the
removal of a metal from solution by biological material t3lt4l. The process involves a solid phase
of biosorbent and a liquid phase of solvent containing metal ions [5]. Biosorption utilizes the non-
living microbial biomass to bind with heavy metal ions by physico-chemical pathways of uptake
[6]. There are several advantages of biosorption over conventional treatment methods which are low
cost, high efficiency, minimization of chemical and biological sludge, regeneration of biosorbent,
and possibility of metal recovery [7]. The overall biosorption is determined by pH, temperature,
initial heavy metal concentration, biosorbent dose, contact time, and biosorbent size through
affecting the uptake rate, selectivity, and amount of heavy metals removed [8]. Biosorbent such as
fruit rind consists of pectin, citrulline, cellulose, proteins, and carotenoids which have functional
groups of hydroxyl, amine, and carboxylic. These functional groups can easily bind to metal ions by
changing their hydrogen ions for metal ions or giving an electron pair to form complexes with the
metal ions [9 - l0]. In addition, the silica (Si) contained in the structure of watermelon rind is
believed can enhance the biosorption process [10]. In this research characterization and
optimization study were conducted for wastewater and biosorbent.
Materials and method
Sampling of wastewater.The wastewater sampling using grab sampling. The sample was collected
8 times during high production and dry weather. The sample was collected and stored in a clean
bottle which was then acidified with nitric acid to a pH below 2.0. The sample was stored in a
refrigerator at approximately 4"C.
All rights reserved. No part of contents of lhis pspcr may b€ reproduced or transmined in any form or by any means without the written permission of TTP,
wwwttp.net. (lD: 103.31.34,2, University Tun Hussein Onn Malaysia, Malaysiao3/11114,06:42:51)
Applied Mechanics and llaterials Vol. 680 147
Digestion of wastewater.0.2ml of the wastewater sample was mixed with 10mL of nitric acid
(HNO:) in a crucible dish. The mixture was then heated on the hotplate until the sample fully
digested. The digested sample was cooled down and diluted to 100mL.
Preparation of biosorbent. The watermelon rind was collected from the local fruit stall and
washed with tap water. The rind was dried at sunlight until dry. The biosorbent was then soaked in
nitric acid G{NO3) with concentration of 15Yo for 24 hours. and transferred to deionized water
GtzOl for 24 hours. The rind was dried in an oven at 60oC until constant dry. The rind was ground
and sieved to uniform size of 150pm.
Optimization study. All experiments were conducted using batch method by varying the
parameters namely, pH, biosorbent amount, concentration of wastewater, and contact time( as
shown in Table 1). 100mL of prepared wastewater was mixed with the biosorbent and the mixture
was shaked at lZlrpm at room temperature. The mixture were then filtered. The biosorbent was
analyse using XRF, SEM-EDX. The wastewater flame AAS.
Note: Underlines indicate the optimum value.
Results and l)iscussion
Characterization of mosaic wastewater The results from FAAS shows that zinc, chromium and
lead were found in the wastewater. Table 2 shows heaw metal concentration.
metals.ableZ Concentration of
HeawMetals Concentration (mell)
Zinc (Zn\ 350 
- 
450
Chromium (Cr) 150 
- 
250
Lead (Pb) 15 -25
XRF analysis. The result from XRF before and after the biosorption is shown in Table 3 The
concentration of silica oxide (SiOz) w6 $.7A% which is the highest among the chemical
composition. It shows loaded of Zn was 24.40% after biosorption.
able 3 Result of XRF before anc after
Formula Concenfration
before
Concentration
after
ori-e I
added-e -J 3
COz 0.10% 0.1
SiOz 83.70% t.t8%
SOr 8.32% 0.93%
CaO 2.l&Vo 0.150
AlzO: l-6IYo 0.26%
FezOr 1.00% 1.34%
PzOs 0.99% O<LLD
Kzo 0.87% ND
CI a.82% ND
MoOs 430% ND
ZnO ND 24.40%
SEM-EDX analysis. As presented in Figure l, watermelon rind gave a porous surface texture
which enables the adsorption of metal ions onto the surface. Besides, it also shows that the surface
morphology of watermelon rind consisted of two kinds of colour tone which were lighter and darker
[11]. The lighter shades represented inorganic component while the darker shades were organic
components. From the specfuum of watermelon rind in Figure.l, Si was observed. After biosorption
T,
T
Table l Worki
6, 6.5,7,7-5, L 0.5, 1.0, 1.5.2.0,
2.5
100, 200, 400. 600,
800
10,20, 3Q, 40,
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of Zn using watermelon rind, the morphology undergone a physical change. Lumplike deposits or
shiny particle were formed as shown in Figure 2.
Effect of pI{. pH plays a significant role in biosorption process- Figure.3 shows pH8 had the
highest removal with78.23o/o. When the pH is low, the lf ions from the acid compete with the Zn
ions for adsorption sites and hence decreased the removal and the capacity [12]. Besides, when the
pH is too high, the.biosorption dec^reased.This might be due to the formation of soluble hydroxyl
complexes of Zn"- ions and Zn"- ions exists as predominant species. Furthermore, several
hydroxides starts precipitating at high pH [3].
Effect of biosorbent amount As shown in Figure.4, the highest removal occurred at l.5g with
83.33%. The low removal at 0.5g can be explained by the low availability adsorption site on the
biosorbent[26]. This is due to alot of biosorbent can overlap the adsorption sites on the biosorbent
causing the decreasing of total surface area [l4]. The uptake capacrty decreased from 0.5g to 2.5g
due to less collision between metal ions and the biosorbent.
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Figure 3 Zinc rcmoval against pH; Figure.4 Zinc removal against biosorbent
Effect of concentration of wastewater. The removal was at peak when the Zn concentration was
400mg& as shown in Figure 5. The removal was low at 100mg/L because the ratio of biosorbent to
metal ions is too large that the adsoption site of the biosorbent overlaps and decreases the total
surface area exposed to the metal ions [11]. However, the removal was also low when the
concentration rpas 8OAmgL because the adsorption site is in low availability and causes the
saturation of adsorption site]. The uptake capacrty increased from 100mgil- to 800mg/L due to high
collision between the metal ions and biosorbent surface. Effect of contact time.Figure 6 indicates
that the rate of removal of Zn was higher from 10 mins to 30 mins. This might be due to more
biosorption sites available at the beginning. After 30 mins, the removal decreased which can be
explained by the exhaustion of the bisorption sites [13].
Figure 1 SEM-EDX before biosorption. Figure 2 SEM-EDX after biosorption
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Conclusions. The optimum condition for zinc removal using watermelon rind was at pH8, 1.5g
biosorbent, 400mglL zinc metal ions, and 3Omins of contact time with 80Yo zl'rl,c removal.
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Figure 5 Zinc removal against wastewater conc; Figure.6 Zinc removal against time
